We report on the fabrication of colloidal clusters through the combination of spherical particles.
. Within this area, colloidal crystals have developed into a class of its own.
Colloidal crystals present arrays of particles which are ordered over a wide range in length. Under appropriate conditions, colloidal particles can spontaneously selfassemble into crystals which are kept together by van der Waals interactions [3] [4] [5] . One can also prepare colloidal crystals layer-by-layer on planar surfaces [6] .
Furthermore, ionic colloidal crystals could be prepared by the combination of positively and negatively charged particles in a solvent that moderates the interactions among the particles [7, 8] . Applications of colloidal crystals include photonic bandgap materials [3, [9] [10] [11] [12] [13] and templates for the fabrication of membranes with defined pore sizes [14, 15] .
Besides rather extended structures, assemblies from spherical particles of finite size have received considerable interest because of their potential to open new avenues for complex particulate systems with unique rheological, optical, magnetic, or electric properties [1] . Colloidosomes, i.e. hollow capsules whose wall consists of colloidal particles, present one example for such aggregates [16] [17] [18] . Photonic supraballs present a further class of aggregates of finite size. They are assemblies from a large number of particles. The ordered arrangement of the constituents at their surface gives them photonic properties [19, 20] .
Clusters consisting of a small number of either the same or different constituent spheres present the most intriguing class because they can be considered as colloidal analogues to small molecules [21] [22] [23] [24] . Hence, alternative terms such as "colloidal molecules" or "patchy particles" were used to emphasize the fascinating potential of particle clusters [25] .
Atoms form covalent bonds when they join together into molecules. Unlike atoms, colloidal particles usually do not undergo directed interactions. Therefore Granick and co-workers prepared microspheres having oppositely charged hemispheres. These particles spontaneously self-assemble into clusters of defined configurations because of their directional interactions [26] . However, such clusters present intermediates during formation of larger assemblies because there is no limitation to the size of clusters formed through electrostatic interactions.
Velev and co-workers developed an approach which allows the fabrication of assemblies of finite sizes from microspheres [23] . This method is based on the agglomeration of particles while adsorbed onto emulsion droplets. Solid particles adhere to the surface of emulsion droplets because the adsorption lowers the interfacial energy due to the Pickering effect [27] [28] [29] . Subsequent evaporation of the dispersed phase causes capillary forces which pack the particles together. Pine and co-workers prepared micron-sized clusters by this technique [22] . These clusters have well-defined configurations which are believed to result from an arrangement of the particles in regular polyhedra already at the droplet surface due to long-ranged dipole-dipole repulsion through the oil droplet and Coulomb interactions [30, 31] .
An emulsion droplet carrying N particles on the surface results in a cluster of N constituent spheres. Hence, the statistical distribution of the particles onto the droplets is crucial to the dispersity of the resulting clusters. A broad size distribution of the droplets gives rise to a broad range of different clusters. The use of monodisperse emulsion droplets would limit the variance in number of particles per droplet. Nonetheless, this would not result in a single type of clusters because the distribution of the particles on the droplets is statistical, but it would significantly reduce the number of resulting species and thus increase the yield of distinct clusters.
Only few studies have been devoted to the preparation of particle assemblies from monodisperse droplets up to now. One approach is to prepare the droplets one by one using a micropipette [19] or a microfluidic device [32] . Droplets made by this method have diameters of several tens of micrometers. Therefore assemblies consisting of a large number of particles such as the photonic supraballs described above can be prepared from droplets of these dimensions [19] .
Bibette and co-workers presented a first approach towards small clusters from narrow dispersed Pickering emulsion droplets. Shearing of a macroemulsion of polydisperse droplets bearing 1.2 µm silica particles at their surface in a Couette apparatus allowed the preparation of narrow dispersed droplets carrying a small number of particles. Hence, this led to large yields of particle doublets, triplets and quadruplets [24] .
Recently, we developed a novel route towards small clusters which is based on the miniemulsion technique [33] . Narrow dispersed toluene droplets with 1.9 µm in diameter, onto which a small number of 154 nm sized cross-linked polystyrene particles was bound, were obtained by emulsification through high-power ultrasonication. Clusters of less than six constituent spheres and overall dimensions below 400 nm could be prepared. Hence, this approach which combines small emulsion droplets with smaller spherical particles allows the fabrication of clusters with overall dimensions that are much smaller than the clusters described so far. Because their dimensions are in the colloidal regime, such clusters are stabilized by Brownian motion which prevails over sedimentation [34] .
Here we present a detailed study of the formation of colloidal clusters along the basic principle given in Ref. [33] . The paper is organized as follows: The first part is devoted to the influence of the concentrations of emulsifier and constituent spheres on the total yield of clusters as well as on the yields of the individual cluster species together with their configurations. In the second part, experiments in which the constituents were either added via the dispersed oil phase or the continuous aqueous phase are compared in terms of cluster yields. Whereas the previous sections highlight the preparation of clusters from toluene-in-water emulsions, the last section describes the fabrication of colloidal clusters of less than four constituents from cyclohexane-in-water emulsions.
Experimental Section Chemicals
Styrene (Sigma-Aldrich) was purified by washing with 10 wt% NaOH solution, drying over CaCl 2 , and distillation under reduced pressure. Divinylbenzene (DVB, 80%, Merck) was passed through an inhibitor remover (Aldrich) column before 
Amino-modified polystyrene latex particles
The polymer latex particles (L1 and L2) used as building blocks of the clusters were prepared by emulsion polymerization of styrene with DVB (5 mol% relative to styrene) as the cross-linking agent, AEMH (3 mol% relative to styrene) as the comonomer, CTAB as the emulsifier, and V-50 as the initiator ( 
Cluster fabrication from oil-in-water emulsions
The combination of the amino-modified polystyrene spheres into clusters was accomplished through the agglomeration of the latex spheres adsorbed onto toluene or cyclohexane droplets. The building blocks of the clusters were either added via the oil or the aqueous phase.
Addition of the building blocks via the dispersed (toluene) phase
The preparation was performed along the lines given in Ref. [33] . Briefly, a part of the aqueous suspension of the cross-linked polystyrene particles was freezedried and resuspended in toluene at concentrations of 1 to 4 wt% by ultrasonic homogenization. 3 ml of these suspensions were added to 27 ml aqueous solutions of Pluronic ® F-68 of different concentrations (0.25, 0.5, and 1 wt%).
Emulsification was accomplished in a rosette cell (Bandelin RZ 3) through ultrasonication under ice-cooling using a high-shear homogenizer (Bandelin Sonoplus HD 3200, 200 W, probe KE 76). Three sonication steps, each for 5 min with 2 min rest in between, were performed at 30 % amplitude and a frequency of 20 kHz. Packing of the particles into clusters was induced by evaporation of the toluene using a rotary evaporator (Heidolph Laborota 4000 efficient).
Addition of the building blocks via the continuous (water) phase
0.4, 0.8, and 1.2 wt% suspensions of L2 particles in 0.5 wt% aqueous solution of Pluronic ® F-68 were prepared. To 27 ml of these suspensions, 3 ml toluene was added. Emulsification and evaporation of toluene were performed as mentioned above.
Clusters from cyclohexane-in-water emulsions
Suspensions of 108 mg and 324 mg L2 particles in 1 wt% Tween ® 80 solution were prepared. 9.1 ml cyclohexane was added to 27 ml of each suspension. Right after sonication for 10 min at 30 % amplitude, the dispersed phase was removed under reduced pressure.
Cluster separation
Fractionation of the suspensions into clusters of the same number of constituents was accomplished through density gradient centrifugation [22] . Concentration gradients were built from 9 wt% and 20 wt% aqueous glycerol solutions using a gradient maker. The clusters of different sizes were separated by their sedimentation velocity during centrifugation at 12,000 rpm for 75 min (Kontron Instruments Centrikon T-1080, Sorvall Surespin 630 rotor). The cluster fractions were isolated through a piercing unit (Kontron Instruments). Glycerol was removed by exhaustive dialysis against water. Field emission scanning electron microscopy (FESEM) was used to specify size and configuration of the clusters within each individual fraction.
Laser scanning confocal microscopy (LSCM)
The emulsion droplets were stained with the hydrophobic dye Nile red. LSCM micrographs were recorded on an inverted confocal laser scanning microscope (Zeiss LSM 710, 63x oil objective) equipped with an argon gas laser (excitation wavelength 514 nm). Scans at a resolution of 1204 × 1204 pixels were taken in the line-averaging mode. Micrographs were analyzed by the LSM software (Zeiss ZEN 2008).
Field emission scanning electron microscopy (FESEM)
FESEM specimen were prepared by drying one drop of a highly diluted suspension on a clean silicon wafer (CrysTec) at room temperature and coating with a platinum layer of 2 nm thickness using a sputter coater (Cressington 208HR) to make the specimen conductive. Micrographs were recorded on a LEO Gemini microscope (Zeiss) equipped with a field emission cathode operating at 3 -5 kV which corresponds to a lateral resolution of 2 nm.
Differential centrifugal sedimentation (DCS)
The content of the clusters of the same number of constituents was determined by DCS using a disc centrifuge (CPS Instruments CPS-24000). A detailed description of this analytical technique is given in Ref. [35] . Within a rotating hollow disc (24,000 rpm) a gradient was prepared by layering eight sucrose solutions of decreasing density (8 to 2 wt%) upon one another. 0.1 ml of a 0. 
Further methods
Dynamic light scattering (DLS) measurements were performed at 25 °C on an ALV-4000 (Peters-ALV) light scattering goniometer equipped with a He-Ne laser which provides a wavelength of 632.8 nm, and an ALV-5000 Multiple Tau
Digital Correlator (Peters-ALV). The results were not depended on the scattering angle because of the low dispersity of the droplets [33] . Hence, the autocorrelation functions could be recorded at a fixed scattering angle of 90°C. Hydrodynamic radii were obtained from a cumulant analysis of the correlation functions [36] .
Electrophoretic mobilities (u) of the building blocks of the clusters were measured on a Malvern Zetasizer Nano ZS and converted into zeta potentials (ζ) via the Smoluchowski equation (ζ=uη/ε 0 ε, where η denotes the viscosity and ε 0 ε the permittivity of the suspension).
Results and Discussion

Preparation of Colloidal Clusters
The fabrication of the clusters was carried out along the lines given in Figure 1 .
Two different routes were used to investigate how addition of the building blocks via either the dispersed oil phase or the continuous aqueous phase affects the formation of the clusters from oil-in-water emulsions.
Emulsification by ultrasound
Route A in Figure 1 is based on the approach described in Ref. [33] . Here the spherical building blocks of the clusters were suspended in toluene. Because of the hydrophilic surface of the building blocks, ultrasonication was used to obtain homogeneous suspensions. An aqueous solution of the emulsifier Pluronic ® F-68
was overlaid with a suspension of the particles in toluene. Emulsification was accomplished through ultrasonication. An ultrasonic horn was dipped into the sample so that the end of the sonotrode was touching the oil-water interphase.
This procedure in combination with the geometry of the rosette vessel used ensured efficient mixing of the two phases immediately after sonication. Several mechanisms of droplet formation and droplet rupture by ultrasound were described in the literature [37, 38] . Among those, acoustic cavitation is considered as the most important one. Ultrasonication of the emulsion causes cavities within the emulsion. These cavities collapse when they gain a critical size. This causes pressure waves in the vicinity of the emulsion droplets which rupture the droplets into smaller ones until a steady state of fusion and fission processes is attained [37] . The steady state is characterized by narrow dispersed emulsion droplets [33] .
In route B in Figure 1 , the particles were suspended in the aqueous solution of the emulsifier. The aqueous suspension was then overlaid with toluene. The emulsification through ultrasound was performed as mentioned above.
Size of the templating emulsion droplets
The average size of the emulsion droplets presents a crucial parameter in the preparation of particle clusters. Given a fixed volume of the oil phase, a reduction of the average droplet size raises the number of droplets in the emulsion. This in turn reduces the average number of building blocks per droplet and thus the size of the resulting clusters if the total number of particles is kept the same.
Measuring the droplet size by light scattering or microscopic techniques is difficult because dilution of the emulsions could alter the droplet size [38] . In order to minimize this effect, the emulsions were diluted with oil-saturated water.
However, even in this case slight changes of the droplet size cannot be excluded [39] . Moreover, the droplets might grow with time due to coalescence or Ostwald ripening [37] . Fusion of the droplets after sonication was suppressed by the addition of the emulsifier which gives the droplets steric stabilization against collision growth. Ostwald ripening, i.e. droplet growth via oil diffusion and subsequent dissolution of small droplets due to their high Laplace pressure, could be suppressed by the addition of a hydrophobe such as dodecane. The hydrophobe cannot diffuse through the water phase from one droplet to another. Hence, the osmotic pressure of the hydrophobe within the droplet would increase upon droplet shrinkage. This keeps the droplet size stable. Recent measurements of the turbidity of emulsions revealed that adding dodecane is an efficient way to prevent Ostwald ripening of the droplets used in this study [33] . However, we did not add dodecane to the emulsions used for cluster preparation because dodecane cannot be removed during evaporation of the oil phase. In order to keep the time in which the emulsion can undergo Ostwald ripening as short as possible, the evaporation of the oil phase was performed right after sonication. To get a rough estimate of the droplet size, emulsions stabilized by dodecane and without the hydrophobe were prepared. Table 2 shows the droplet sizes obtained by DLS. The formation of narrow dispersed droplets through ultrasonication was corroborated by CONTIN analysis of the autocorrelation functions [40] . The polydispersity given as the weight-average diameter divided by the number-average droplet diameter is less than 1.01. This is in full accord with previous results by LSCM [33] . Hence, all further DLS measurements could be performed at a fixed scattering angle of 90 °C.
The effect of the low quantity of dodecane on the droplet diameter should be negligible. Hence, the size of the droplets stabilized against Ostwald ripening should be characteristic to the droplets during ultrasonication. Increasing the emulsifier concentration allows stabilization of a larger oil-water interphase and
gives thus rise to smaller droplets [41] . The formation of more but smaller droplets should decrease the average number of constituents of the resulting clusters. This will be discussed below.
The size of the emulsions without dodecane was determined two minutes after sonication. Already in this short time, a significant increase of the droplet size is observed due to Ostwald ripening (Table 2 ). This is in accord with the observed increase of the turbidity of the emulsions [33] . Because of the short delay time between sonication and evaporation of the oil phase, the size of the unstabilized droplets might be more appropriate to estimate the size of the droplets just before the assembly into clusters.
The LSCM micrographs shown in Figures 1 and 7 give complementary information on the droplet size. Micrographs of the droplets could be only taken if no dodecane was added to the emulsion. In the presence of dodecane, the droplets diffused too fast to map them because they are smaller than the unstabilized droplets ( Table 2 ). The size of the unstabilized droplets measured by DLS was lower but of the same order than the droplet size of 1860 nm derived from the LSCM micrographs. This is because DLS measures the size of the droplets in the bulk, whereas in LSCM one records the less mobile fraction of droplets near the microscope slide. These droplets might be larger than droplets in the bulk because larger droplets have a higher tendency to float towards the cover slide.
Morphologies of the clusters
An ordered arrangement of the particles at the droplet surface due to Coulomb and dipole-dipole repulsions results in clusters with well-defined configurations after evaporation of the dispersed oil phase [31] . Clusters made up from 2 to 12 constituents were found in the suspensions. However, only few clusters of 8 and more building blocks were found by FESEM. The low quantity of large clusters was corroborated by the DCS analyses which are discussed below. Figure 2 gives an overview of the individual cluster morphologies obtained from toluene-in-water emulsions. Most of them are based on regular polyhedra. This is in accord with earlier observations on micron-sized clusters [22] . Clusters of two to four constituents can only assume one specific configuration when fabricated from a spherical template. In fact, solely particle doublets, triplets and tetrahedrons were found. For this reason and because such clusters are obtained in large amounts, they could be used as model systems to study the dynamics of particles with complex shapes [34] . Clusters of five constituents had two different configurations, i.e. the triangular dipyramid and the square pyramid. In addition to the octahedron, a second configuration was frequently found for clusters of six constituents. This species with C 2v symmetry in Schönflies notation [42] has the same shape as the pentagonal dipyramidal clusters (D 5h ) made from seven particles except that one building block in the horizontal plane is absent ("flowerminus-one" configuration in Fig. 2 ). Two specific configurations were found again for clusters of eight constituent spheres. The formation of different compact morphologies in specific cases (N = 5, 6, and 8, where N is the number of constituents) must result from similar energetic arrangements of five, six, and eight particles at the droplet surface.
Except for N = 5, 6 and 8, the morphologies of the micron-sized clusters prepared by Pine and co-workers were identical to those shown in Figure 2 . These configurations based on regular polyhedra present favourable packings of spheres because they minimize the second moment of the mass distribution [22] . For N = 5, 6 and 8, we observed compact morphologies, i.e. square pyramid, "flowerminus-one", and twisted square configurations, in addition to assemblies based on regular polyhedra. Yang and co-workers could self-assemble silica particles into square pyramids and twisted square structures as well [43] . Brenner and coworkers predicted both the octahedral and the "flower-minus-one" configuration as ground states in the packing of six hard spheres with short range attractions, whereas square pyramids (N = 5) and twisted squares (N = 8) are not minimal energy clusters of hard spheres [44] . Remarkably, besides the present study there is only one other study that gives experimental evidence on the "flower-minusone" configuration so far. Granick and co-workers found clusters with this configuration as intermediates during the electrostatically driven aggregation of microspheres having oppositely charged hemispheres [26] .
The clusters could serve as building blocks with complex shape and special symmetries to build up novel hierarchical organized materials. For this purpose, the mixture of different species has to be separated into fractions of uniform clusters. This can be accomplished through density gradient centrifugation [33] . In this technique, the different clusters are separated by their sedimentation velocity which depends on the cluster size. Figure 3 shows FESEM micrographs of the cluster fractions. The clusters were prepared from the L1 particles with a diameter of 91 nm. The small size of the particles results in small absolute differences in the mass between clusters of N and N + 1 constituents. However, this did not present an obstacle in the preparation of suspensions of clusters with the same number of constituents (Fig. 3) .
Clusters obtained from toluene-in-water emulsions
All Pickering emulsions described in this section were prepared from 3 ml toluene and 27 ml aqueous solution of Pluronic ® F-68. The amounts of particles added to the emulsions refer to these quantities.
Effect of the concentration of the building blocks
The 108 mg. Clusters of up to 9 constituents could be resolved by DCS (Fig. 4) .
DLS measurements showed that the diameter of the L2 particles increases from 154 nm to 240 nm when transferred from water to toluene. The swelling of the cross-linked polystyrene particles leads to high volume fractions even at moderate weight fractions. Thus it was not possible to get homogeneous suspensions of concentrations higher than 4 wt% (108 mg L2 particles dispersed in 3 ml toluene) which corresponds to 13 vol%. Hence, the cluster yield could not be improved further as long as the average size of the droplets is kept the same.
Effect of the emulsifier concentration
Besides the concentration of the building blocks, the emulsifier concentration presents a second important parameter in cluster fabrication. Formation of larger toluene droplets, while the total volume of toluene and the number of particles are kept constant, increases the average number of confined particles per droplet. Table 2 shows that the droplet size can be increased by reducing the Pluronic ® F-68 concentration. This in turn might be used to further decrease the number of remaining single particles in favor of higher yields of clusters. Clusters were prepared at Pluronic ® F-68 concentrations of 0.25, 0.5, and 1 wt%. In each experiment, 108 mg L2 particles were added to the toluene phase. Figure 5 shows the differential size distributions of the resulting clusters. The total yield of clusters was significantly higher at low emulsifier concentration. For example, lowering the Pluronic ® F-68 concentration from 1 wt% to 0.25 wt% allowed raising the total cluster yield from 49.8 wt% to 73.7 wt% (Table 3) .
Lowering the emulsifier concentrations has two different effects: 1) The total oilwater interphase is reduced; 2) The stability of the emulsion droplets against collision growth is decreased. Both effects result in larger droplets. This enhances not only the total yield of clusters but also broadens the spectrum of clusters (Fig.   5 ). In this case considerable amounts of clusters made from up to 9 constituent spheres were observed. Hence, a trade-off between the total cluster yield and the yields of small clusters (N < 3) is crucial in order to get high yields of clusters of one specific size (Table 3) .
Addition of the constituents via the dispersed or the continuous phase
As mentioned above, the upper limit of building blocks that can be added to the Pickering emulsion via the 3 ml of toluene is 108 mg. However, provided that the particles have a strong affinity to the oil-water interphase, they could be also added through the continuous water phase.
For this purpose, two different Pickering emulsions were prepared through emulsification of 3 ml toluene and 27 ml 0.5 wt% Pluronic ® F-68 solution. 108 mg L2 particles were used in each experiment. In the first experiment, the particles were dispersed in toluene as done before, whereas in the second experiment a suspension of L2 particles in Pluronic ® F-68 solution was prepared.
After removal of toluene, the size distributions of the clusters were recorded by DCS. Regardless of the phase in which the building blocks were dispersed, clusters of up to nine constituents were observed (Table 3) . Hence, despite the hydrophilic surface of the particles, they have a marked affinity to adhere at the oil-water interphase, which is the prerequisite to obtain clusters. For the particles used, this affinity is not solely due to the Pickering effect. At the toluene-water interphase the cross-linked polystyrene particles are partially swollen, which should enhance binding to toluene droplets.
Migration of the particles between the dispersed and the continuous phase would lead to the same yields of clusters, which is not the case. If the particles are added via the continuous water phase instead of the dispersed toluene phase, the yields of all cluster species were significantly lower. In total, 46.8 wt% clusters were obtained, whereas addition of the particles via toluene resulted in 70.8 wt% clusters (Table 3 ). All particles confined to droplets, regardless if bound to the surface or dispersed within the droplets, become part of clusters except if they are the only particle confined by a droplet. Moreover, the average size of the droplets should not differ much in both experiments. Swelling of the droplets due to the confinement of a small number of particles does not result in a drastic increase of the droplet size. Hence, if the particles are added via the water phase, a certain fraction of the particles (at least 24 wt%, as calculated from the data in Table 3) remains in the continuous aqueous phase. This in turn would argue that equilibrium distributions among particles in both phases and at the interphase
were not yet adjusted. The reason might be related to the swelling of the polystyrene particles with toluene. The hydrophilic surface of the L2 particles retards swelling with toluene and thus binding to the droplets when dispersed in water. On the other hand, if already swollen with toluene, the L2 particles can hardly escape to the continuous water phase.
Variation of the concentration of the particles within the continuous aqueous phase shows that the cluster yield can be increased stepwise up to 66.7 wt% when the number of particles is doubled or tripled (Table 3) . Thus, the fraction of particles that is confined to droplets can be augmented by increasing the concentration of particles in the continuous aqueous phase.
Clusters from cyclohexane-in-water emulsions
In the previous sections toluene droplets templated packing into clusters. In this section cyclohexane was used as the dispersed phase within the Pickering emulsions. Tween ® 80 was chosen as oil-in-water emulsifier following the hydrophilic-lipophilic balance (HLB) concept by Griffin [45] . Figure 7 displays a LSCM micrograph of cyclohexane droplets bearing L2 particles on their surface.
DLS measurements revealed that growth of cyclohexane droplets proceeds much slower than in the case of toluene droplets. This observation can be qualitatively understood as the HLB numbers of cyclohexane and Tween ® 80 exactly match (15 in both cases), which indicates a stable oil-in-water emulsion. Toluene (15) and Pluronic ® F-68 (> 24) differ in their HLB numbers suggesting a lower stability of the droplets [45] . For this reason, the better stability of the cyclohexane droplets slows down growth processes which results in smaller droplets during cluster preparation (Table 2) . Although the total volume of the dispersed phase in the cyclohexane-in-water emulsions is higher, the smaller droplets sizes result in a larger number of droplets as compared to the toluene-inwater emulsions described above. Hence, the 108 mg L2 particles can be distributed over a larger number of droplets which should lead to smaller clusters.
In fact, only single particles, doublets, triplets, and few tetrahedral clusters were formed (Fig. 7) . Increasing the number of L2 particles by a factor of three, allowed doubling the total yield of clusters. However, this increase did not yield clusters of more than four constituents. Hence, particularly small clusters can be prepared in this way.
Conclusion
In summary, colloidal clusters were prepared through the agglomeration of particles at the surface of emulsion droplets while the dispersed phase is 108 mg (bold), 216 mg (semi-bold), and 324 mg L2 particles (thin line). Clusters were also obtained when the particles were predispersed in the water phase instead of the toluene phase, which confirms that the particles tend to adhere at the toluene-water interphase regardless in which phase they were initially suspended.
Figure captions
Fig. 7
Cluster formation from cyclohexane-in-water emulsions: The LSCM micrograph (I) displays cyclohexane droplets which templated packing of L2 particles at their interface into small clusters such as particle doublets, triplets, and few tetrahedrons (II: FESEM micrograph; III:
cluster size distribution). Table 3 Weight percentages of the clusters made up of N constituents within the suspensions: The clusters were assembled from L2 particles at the surface of toluene droplets.
Tables
Experimental parameters are the concentrations of the building blocks and the emulsifier (Pluronic ® F-68). Moreover, the constituents were added either through the dispersed toluene or the continuous water phase. a R denotes all clusters which cannot be resolved as individual peaks in the DCS measurements b C is the total yield of clusters in respect to the number of constituents added
